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© A wheel speed correction device for use in a 
vehicle corrects the change of the circumferencial 
wheel speed caused by (I) in the long-ternn, change 
in the real tire diameter; (ii) in the mid-ternn, differ- 
ences in the paths of the left and right wheels 
followed when the vehicle turns; and (iii) in the short- 
ternn, abnormal slipping between the tire and road 
surface. The wheel speed correction device has a 
device (AVi) for measuring a wheel rotation angular 
speed of each wheel, a device (REF, WRCi) for 
correcting a coefficient representing a tire diameter 
for producing a corrected coefficient for each wheel, 
a device (WVi) for calculating, from the measured 
angular speed, a diameter-corrected wheel speed 
using the corrected coefficients, a device (REF, DIF, 
RTO, TCRi, TGAi) for obtaining a turning correction 
amount from a difference between diameter-correct- 
ed wheel speeds of left and right wheels; and a 
device (CWVi) for correcting the diameter-corrected 
wheel speed using the turning correction amount. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a wheel speed 
correction device, and more particularly, to a wheel 
speed correction device which appropriately cor- 
rects each wheel speed with respect to the 
changes in the diameter of the corresponding tire 
and the changes in wheel speed which occur when 
the vehicle turns, and thereby accurately calculates 
the wheel speed of each wheel. 

2. Description of the Prior Art 

For a wheel behavior control, such as an an- 
tilock brake control or a traction control, it is neces- 
sary to obtain the circumferential wheel speed. 
However, because it is difficult to directly measure 
the circumferential wheel speed, the wheel rotation 
angular speed is generally measured and con- 
verted to the circumferential wheel speed using 
appropriate coefficient representing the tire diam- 
eter. The term "wheel speed" generally used here- 
in means circumferential wheel speed. The wheel 
speed thus obtained is known, however, to become 
offset from the real vehicle speed for a variety of 
reasons. Causes for the difference between the 
wheel speed and vehicle speed, i.e., the deviation, 
include: (i) in the long-term, differences in the real 
tire diameter and the tire diameter used in the 
calculation; (ii) in the mid-term, differences in the 
paths of the left and right wheels followed when the 
vehicle turns; and (iii) in the short-term, abnormal 
slipping between the tire and road surface. 

However, in conventional control systems, spe- 
cifically in wheel behavior control such as the an- 
tilock brake control which should be applied only to 
the variations caused by factor (iii) above, control is 
usually applied based on the wheel speed which 
includes deviations caused by the tire diameter and 
deviations caused by turning of the vehicle. Thus, 
when these deviations have become so great that 
they cannot be ignored, special logic which ac- 
counts for abnormal tire diameter becomes neces- 
sary to handle the deviations caused by factor (i), 
and special logic which accounts for vehicle turning 
becomes necessary to handle the deviations caus- 
ed by factor (ii), and the wheel behavior control 
logic therefore tends to become complex. 

SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is 
to provide a wheel speed correction device which 
continuously compensates for deviations caused by 
tire diameter and for deviations originating from 
turning of the vehicle through a predetermined in- 



BNSDOCID:<EP 05081 46A2> 



dependent logic to simplify the control logic of the 
wheel behavior control device itself. 

To achieve the aforementioned object, a wheel 
speed correction device according to the present 

5 invention comprises means for measuring a wheel 
rotation angular speed of each wheel; means for 
correcting a coefficient representing a tire diameter 
for each wheel; means for calculating a diameter- 
corrected wheel speed using the measured angular 

10 speed and the corrected coefficient; means for 
obtaining a turning correction amount from a dif- 
ference between the diameter-corrected wheel 
speeds of left and right wheels; and means for 
correcting the diameter-corrected wheel speed us- 

75 ing the turning correction amount and for producing 
a turning-corrected wheel speed as a wheel speed 
to be used in the control logic of the wheel behav- 
ior control device. 

A wheel speed is calculated for each wheel 

20 based on a measured wheel rotation angular speed 
and a coefficient representing a tire diameter. 
Then, a reference wheel speed is calculated from 
all or part of the four wheel speed, and the coeffi- 
cient representing the tire diameter for each wheel 

25 is corrected based on the difference between the 
reference wheel speed and each calculated wheel 
speed. 

The wheel speed calculated using the cor- 
rected coefficient representing the tire diameter is 
30 actually a diameter-corrected wheel speed which is 
entitled to be used in the succeeding turning cor- 
rection procedure and will be simply mentioned as 
wheel speed hereinafter. 

For correcting the wheel speed variation caus- 
35 ed by the vehicle turning, a turning correction 
amount for each wheel is obtained by multiplying a 
difference in the wheel speed of the right and left 
wheels by a function for each wheel, wherein the 
argument of the function is a ratio between the 
40 difference in the wheel speed of the right and left 
wheels and either the sum of the right and left 
wheel speed or the average thereof. Then, the 
wheel speed of each wheel is corrected by the 
turning correction amount for each wheel. 
45 The wheel rotation angular speed is measured 

for each wheel and the wheel speeds based on the 
measurements are calculated. Then, a reference 
wheel speed is calculated from all or part of the 
four wheel speeds, and the coefficients represent- 
so ing the tire diameter for each wheel are corrected 
based on the difference between the reference 
wheel speed and each calculated wheel speed. A 
diameter-corrected wheel speed, which is a wheel 
speed obtained after the tire diameter is corrected 
55 based on the measured rotation angular speed, is 
calculated using the corrected coefficients. Then, a 
turning correction amount, for compensating for the 
wheel speed variation caused by the vehicle turn- 
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ing, is obtained by multiplying the difference be- 
tween the wheel speed of the right and left wheels 
by a function, of which the argunnent is the ratio 
between the difference between the wheel speed of 
the right and left wheels ^and either the sunn of the 
right and left wheel speeds or the average thereof. 
Then, the dianneter-corrected wheel speed for each 
wheel is corrected by the turning correction annount 
for each wheel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will beconne more fully 
understood from the detailed description given be- 
low and the accompanying diagrams wherein: 
Fig. 1 is a block diagram of a wheel speed 
correction device according to the present in- 
vention, 

Fig. 2 is a graph showing the relationship among 
speed of each wheels during vehicle turning, 
which is the basis for turning correction ratio 
calculation, 

Fig. 3 is a graph in which the abscissa represent 
a value of the turning curvature, and ordinate 
represent a turning correction ratio, 
Fig. 4 is a graph similar to Fig. 3, but particu- 
larly showing a case when the abscissa repre- 
sent the absolute values, 

Fig. 5 is a graph similar to Fig. 4, but particu- 
larly showing a case when the rear two wheels 
are used as the reference wheels, and 
Fig. 6 is a graph similar to Fig. 4, but particu- 
larly showing a case when the front two wheels 
are used as the reference wheels. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

A wheel speed correction device according to 
the present invention calculates the wheel speed of 
each wheel based on the angular speed of the tire. 
An appropriate correction is applied to each wheel 
to compensate for changes caused by the variation 
in the tire diameter of each wheel and changes 
caused by the turning of the vehicle, thereby con- 
tinuously obtaining an accurate wheel speed for 
each wheel even when these changes occur. The 
principle for this operation is described first herein- 
below. 

(1) Principle of tire diameter correction 

The wheel speed Vai is defined by equation 

(1) 

Vai = 2 * TT * ri/Z * Ni/Ti (1 ) 

in which Z is the number of teeth on the sensors 
provided at each wheel axle, Ni is the number of 
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teeth counted in time Ti, and ri is the tire radius. 
The suffix / indicates each one of the four wheels. 
If a formula 

5 Ci = 2 • TT ' ri/Z (2) 

is used in equation (1) in which Ci represents a 
circumferential distance of the tire when the wheel 
axis is rotated by one teeth-repetition interval, then 
10 equation (1) can be simplified as: 

Vai = 01 * Ni/Ti (1 ') 

In equation (V), the value Ni/Ti represents the 

75 angular speed in this measurement method, and Ci 
is a coefficient that represents the tire diameter ri. 
The coefficient Ci is obtained as follows. 
The wheel speed Vai and a reference speed 
Vs are compared for each wheel. If there is a 

20 tendency for Vai to be greater than Vs, the value Ci 
is slightly reduced from the value Ci used in the 
previous cycle, but if there is a tendency for Vai to 
be less than Vs the value of Ci is slightly increased 
from the value Ci used in the previous cycle, so as 

25 to make the wheel speed Vai equal to the refer- 
ence speed Vs in the long term. The reference 
speed Vs is defined here to be the average of the 
wheel speeds Vai of those wheels selected as the 
reference wheels. 

30 One example of this method is to provide a 

sufficiently large number of meaningful digits for 
Ci, and to calculate Ci at each operation cycle 
using an appropriate coefficient a defining the cor- 
rection speed as shown in equation (3). 

35 

Ci = Ci - a * (Vai - Vs) (3) 

An alternative method which does not use an 
extremely large number of meaningful digits to 

40 express Ci and which effectively reduces the value 
of a is to calculate Ci once every n operation 
cycles rather than once per each operation cycle, 
thereby reducing the actual effectiveness of coeffi- 
cient a to be 1/n of the original effectiveness. 

45 In addition, it is possible to change the effec- 

tive value of a according to the conditions. When 
the accuracy of the measured wheel speed is 
doubtful. Such conditions occur, e.g., when the 
absolute value of the estimated vehicle acceleration 

50 is greater than a predetermined constant value, or 
when the vehicle is assumed to be turning, or when 
the vehicle is travelling on poor rugged roads, or 
when excessive slipping is assumed to be occur- 
ring between the tires and the road surface, or 

56 when the reference speed Vs is relatively high. 
When one or more of these conditions is met, the 
effective value of a can be made relatively low 
according to the conditions. In extreme cases, the 

3 
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value of a may be made 0, which means that the 
correction is inhibited under certain specific con- 
ditions. 

For the changes in the tire diameter can occur 
only over the long term, however, there is virtually 
no need to provide for these exceptional conditions 
if the effective value of a is set low enough so that 
the speed of correction is sufficiently slow. In other 
words, under conditions opposite to those defined 
above, there is essentially no need to increase the 
speed of correction for the long term change. In 
fact, it is preferable to set a an effectively high 
value for a certain period after the computer is 
reset (preferably until the vehicle travels a pre- 
determined distance after. the computer is reset). 

Furthermore, the correction amount by which 
Ci is corrected can be expressed as a suitable 
function, e.g., a logarithm of the absolute value of 
(Vai - Vs) with a suitable sign, + or (providing a 
means to define the correction amount as 0 when 
the logarithm is negative), rather than as simply 
proportional to (Vai - Vs). 

In an extreme case, a constant value could be 
simply added to or subtracted from Ci according to 
the sign with no relationship to the absolute value 
of (Vai - Vs). 

Furthermore, in equation (3) the number of 
digits needed to express the difference (Vai - Vs) 
as a binary number can be used as the correction 
amount for correcting Ci. 

In addition, when the tire diameter correction is 
executed once every n operation cycles, tire diam- 
eter correction can be applied to all tires at each n 
cycles, or one of the tires may be sequentially 
corrected every n/4 cycles. It is to be noted that 
the correction speed (effective speed) may be con- 
stant, but it may also be accelerated immediately 
after resetting the computer and gradually slowed 
thereafter to the predetermined rate. 

To prevent the average of Ci for each wheel 
from deviating significantly from the initial value of 
C, i.e., to maintain the average of CI within a 
predetermined deviation from the initial value of C, 
a suitable adjusting means may be provided so 
that the values of Ci for all of the other wheels are 
adjusted in the opposite direction, instead of ad- 
justing the value of Ci for one wheel in one direc- 
tion when the average of Ci is deviated too much 
from its initial value. Alternatively, correction could 
be applied only to one wheel for which the absolute 
value of the correction amount is greatest which 
the correction of the other wheels is suppressed. 

Further, when the measurement method for the 
angular speed differs, a different coefficient C re- 
presenting r should be used to convert the mea- 
sured angular speed to the wheel speed, according 
to the measurement method employed. 

As described hereinabove, since a specific Ci 



is set individually for each of the four wheels, and 
is corrected individually, the wheel speed for each 
wheel can be corrected with a high accuracy. 

5 (2) Principle of vehicle turning correction 

After correcting the tire diameter as described 
in section (1) above, turning correction is applied 
based on the wheel speed of each tire diameter- 

10 corrected wheel. The following description applies 
specifically to a four wheel vehicle, but simitar 
equations can also be established for e.g. a. six 
wheel vehicle from the geometric relationship be- 
tween the wheels- 

;5 In the case of a four wheel vehicle, the relation- 

ship, assuming there is no slipping between the 
tires and the road surface, between the speed Vci 
of each wheel is defined by the following equa- 
tions: 

20 

Vci - Vo * sqrt((1 +G/(2*R)) ^ 2 + (W/R) 2) 
VC2 = Vo ' sqrt((1-G/(2*R)) 2 + (W/R) 2) 
VC3 = Vo M1 +G/(2*R)) 
VC4 = Vo • (1-G/(2*R)). 

25 

Wherein Vci is wheel speed of outside front wheel, 
Vc2 is of inside front wheel, Vcs is of outside rear 
wheel, Vc4 is of inside rear wheel, Vo is the vehicle 
speed represented by the speed at the medium 

30 point of both rear wheels, G is tread, W is wheel 
base, R is the turning radius at the medium point of 
both rear wheels. When one wheel Wi is taken into 
consideration, a deviation speed Dvi = Vci - Vs 
which is greater (or less) than the reference speed 

35 Vs is observed. 

Thus, if the turning correction amount Dvi is 
obtained by some means, it is possible to obtain a 
turning correction applied wheel speed, which is 
the wheel speed obtained after the turning correc- 

40 tion. The turning correction applied wheel speed for 
each of the four wheels can be obtained by sub- 
tracting Dvi from the tire diameter correction ap- 
plied wheel speed, and would. all be equal to the 
reference wheel speed Vs, provided that there is 

46 no slipping between the tire and road surface. 

Thus, in the following stages where the wheel 
behavior control calculations are effected based on 
the maximum speed, minimum speed, estimated 
vehicle speed, and the deviation between the es- 

50 timate vehicle speed and each wheel speed, it is 
preferable to use the wheel speeds corrected by 
Dvi. If such wheel speeds are used, the difference 
between each wheel speed and the estimated ve- 
hicle speed would become a value in which the 

55 turning correction is already considered. 

Thus, a further wheel behavior control calcula- 
tions can be carried out simply using the wheel 
speed because the effect of turning is already 
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corrected. 

Here, the problem is how to obtain the correc- 
tion amount Dvi for turning correction. 

Because the speed Vci of each wheel is the 
product of a function of R and Vo, If desired linear 
combinations, where Vci is not 0, are defined as 
La, Lb, or Lc, these linear combinations can all be 
expressed as the product of Vo and proper function 
of R. Therefore, when the linear combination ratio 
La/Lb is taken, Vo is canceled and a function 
containing only the parameter R is obtained. 

From the above fact, it is understood that there 
exist a function / which satisfies that Dvi = Lc M- 
(La/Lb) for any La, Lb, and Lc. Since La/Lb is a 
value representing a curvature, it is natural to de- 
fine La as the difference between the right and left 
wheel speeds, and Lb as the sum of the right and 
left wheel speeds. However, since the average 
speed is already obtained as the reference speed 
Vs during tire diameter correction, it is more effi- 
cient to use this value as Lb. When Lb, i.e., Vs, is 
obtained based on all four wheels. La, i.e., the 
right-left wheel speed difference, should also be 
obtained based on alt four wheels. However, when 
Lb is obtained based on the non-drive wheels, La 
should also be obtained based on the non-drive 
wheels. In addition, it is preferable from the 
viewpoint of calculation precision that Lc should be 
approximately equal to the average of Dvi. There- 
fore, it is most efficient to adopt the right-left wheel 
speed difference La which is already calculated. In 
the following description, it is assumed that Lc = 
La. 

The form of the function f for each wheel can 
^be determined by the absolute value of the ratio 
La/Lb, provided that the sign, + or -, of La in- 
dicates whether the wheel is at the inside or out- 
side of the turning curve. It is to be noted that 
since Lb is always positive, the sign of La deter- 
mines the sign of the ratio La/Lb, For example, 
when 

Dvi = La * Ai (La/Lb) 
Dv2 = La * ^2 (La/Lb) 

are satisfied under the condition that La > 0, it is 
understood that 

Dvi = -La * ^2 (-La/Lb) 
Dv2 = -La " fy (-La/Lb) 

are satisfied under the condition that La < 0. 
In other words, if, when La > 0 

Dvi = |La| • f, (|La|/Lb) 

is satisfied then when La < 0 



Dvi = |La| * A2(|La|/Lb) 

is satisfied. These equations imply that the form of 
the function f to be applied to the inside or outside 

5 wheel changes according to the sign of La. 

Even if the form of the function f is complex, it 
will cause no problems for practical performance if 
the function is pre-calculated to generate a refer- 
ence table stored in a memory. However, instead 

70 of the complex function, it is possible to use a 
simple form of the function where an approximation 
is accepted. As will be shown in the description of 
the preferred embodiment hereinbelow, if La is the 
right-left wheel speed difference and Lb is the 

75 reference speed, the function f can be given by a 
linear combination of La/Lb, which has an extreme- 
ly high approximation precision. 

Since the variations caused by the vehicle turn- 
ing are mid-term variations, it is necessary to apply 

20 a suitable delay processing means. Otherwise, the 
short-term variations, as in the abnormal slipping 
between the road surface and tires, would falsely 
correct the wheel speed through the above calcula- 
tions. 

25 The delay processing means can be applied 

by the use of an appropriate time constant filter to 
one or more calculation stages, such as a stage for 
calculating the right-left wheel speed difference La, 
a stage for calculating the standard speed Lb, a 

30 stage for calculating the value La/Lb representing 
the curvature, or a stage for calculating the correc- 
tion amount Dvi. Practically, it is most efficient to 
apply the filter to the stage for calculating -^La and 
Lb,' because doing so will in effect automatically 

35 apply the filter to the stages for calculating La/Lb 
and Dvi. Furthermore, in the most cases, it is 
sufficient for practical applications to simply apply 
the filter to the stage for calculating La. 

While the accuracy of estimation of the refer- 

40 ence speed and the right-left wheel speed dif- 
ference between the comparison wheels (the refer- 
ence comparison wheels) increases in general 
when the information from all wheels is taken into 
account, the results may become more accurate if 

45 the information from the drive wheels is excluded 
when excessive spinning occurs in the drive 
wheels during acceleration. On the other hand, it is 
not possible to exclude excessive slipping during 
deceleration because this will probably occur at 

50 any wheel. 

Therefore, for the vehicles that has non-drive 
wheels, the reference speed and right-left wheel 
speed difference can be based on only the non- 
drive wheels when an excessive spinning is ob- 

55 served and on all wheels when no excessive spin- 
ning is observed. It is, of course, possible to base 
these calculations on all wheels at all times. 

Should a malfunction occur in the wheel an- 
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gular speed measurement device for one wheel 
and the measured angular speed for that wheel is 
0, it is necessary to exclude this false wheel speed 
measurement from the correction operation if cal- 
culations are to be continued. In this case, the 
calculation will be relatively simple if one pair of 
the right and left wheels, either front or rear which 
does not include the defective wheel, is used as 
the basis for the reference speed and right-left 
wheel speed difference calculations. 

Embodiment 



Referring to Fig. 1, a block diagram of a wheel 
speed correction device according to the present 
invention is shown. The numbers 1, 2, 3 and 4 
suffixed to the reference characters correspond to 
front left wheel, front right wheel, rear left wheel 
and rear right wheel, respectively. 

Reference characters AVi - AV4 designate 
wheel angular speed measurement devices, each 
is formed, for example, by a plurality of teeth 
spaced at equal intervals around the rotational axis 
of the wheel, and a means for detecting the pas- 
sage of each tooth. 

Reference characters WVi - NAA/^ designate 
wheel speed calculation devices, each of which 
calculates the wheel speed Vai (i = 1, 2, 3, 4) based 
on the angular speed detected and the output by 
the wheel angular speed measurement devices 
AVi -AV4. 

Reference characters WRCi - WRC4 designate 
tire diameter correction coefficient calculation de- 
vices, each of which receives the wheel speed Vai 
and the reference speed Vs, which is described 
hereinafter, to calculate the coefficient Ci repre- 
senting the tire diameter used in the wheel speed 
calculation. 

Reference character REF designates a refer- 
ence speed calculation device, which calculates the 
average of the selected reference wheel speeds 
Vai and outputs the obtained average as the refer- 
ence speed Vs. The non-drive wheels are selected 
as the reference wheels when the speed of the 
drive wheels is judged unreliable, and all four 
wheels are selected as the reference wheels when 
the drive wheels have no excessive spinning. The 
judgement of the reliability is carried out In a 
control logic CTR, which will be described later. 

Reference character DIF designates a right-left 
wheel speed difference calculation device which 
calculates a speed difference between right and left 
wheels of the selected reference wheels. The ob- 
tained difference is fed to an exponential filter (not 
shown) having an appropriate attenuation rate to 
obtain a difference Df. 

When the speed of two or four wheels are used 
in calculating Vs, the speed of the same wheels 
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should be used in calculating Df. 

Reference character RTO designates a repre- 
sentative curvature calculation device which cal- 
culates a ratio of difference Df to the reference 

5 speed Vs, and outputs the result as the representa- 
tive curvature Rt of the curvature of the path 
through which the vehicle is turning. 

Reference characters TCRi - TCR^ designate 
turning correction ratio calculation devices which 

10 calculates a correction ratio Rci for each wheel by 
using a predetermined function fi(Rt) In which the 
representative curvature Rt obtained from the re- 
presentative curvature calculation device RTO is 
Inserted as a parameter. 

15 Reference characters TCAi - TCA^ designate 

turning correction calculation devices which cal- 
culates a correction amount Dvi by multiply the 
difference Df by the correction ratio Rci of each 
wheel. 

20 Reference characters CWVi - CWV4 designate 

turning-corrected wheel speed calculation devices 
which calculate a corrected wheel speed Vci by 
adding (or subtracting) the correction amount Dvi to 
(or from) the wheel speed Vai obtained from the 

25 wheel speed calculation devices WVi - WV^. 

Reference character CTR designates a control 
logic which carries out the antilock brake control or 
other wheel behavior control operation by the use 
of the corrected wheel speed Vci. 

30 The operation of the wheel speed correction 

device shown in Fig. 1 is described below. 

The wheel angular speed measurement device 
AVi outputs the ratio Ni/Ti of the counted number 
of teeth Nl to the time required for counting Ti as 

35 the representative value of the speed of rotation, 
and the wheel speed Vai is produced from the 
wheel speed calculation device WVi based on 
equation (V). The coefficient Ci calculated by the 
tire diameter correction coefficient calculation de- 

40 vice WRCi Is used in this operation. 

The tire diameter correction coefficient calcula- 
tion device WRCi compares Vai and Vs for each 
wheel. If there is a tendency for Vai to be greater 
than Vs the value of Ci is slightly reduced from the 

45 value Ci used in the previous cycle, but if there is a 
tendency for Vai to be less than Vs the value of Ci 
is slightly increased from the value Ci used in the 
previous cycle. In this embodiment. Ci Is calculated 
every n unit operation cycles using the equation 

50 

Ci = Ci - a * (Vai - Vs) (3). 

The reference speed Vs is next calculated by 
the reference speed calculation device REF, The 
55 graph in Fig. 2 shows the wheel speed Vi for each 
wheel wherein the abscissa represent the inverse 
of the turning radius R and the ordinate represent 
the wheel speed. The reference speed Vsa is ob- 

6 
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tained when all four wheels are selected as the 
reference wheels, and the reference speed Vsb is 
obtained when only the two rear wheels are se- 
lected as the reference wheels. Thus, the reference 
speeds Vsa and Vsb are defined by the following 
equations. 

Vsa = (Vi + V2 + V3 + VO/4 
Vsb = (V3 + y^)l2 

It is to be noted that Vsb is applied to a front 
wheel drive vehicle. In the case of the rear wheel 
drive vehicle, the reference speed Vsc can be 
expressed as 

Vsc = (Vi -f V2)/2. 

The line Vsc would be plotted between Vi and V2 
in Fig. 2. 

In the right-left wheel speed difference calcula- 
tion device DIF, the right-left wheel speed dif- 
ference (Vi - V2) or (V3 - V^) is obtained when only 
two wheels are considered, or the right-left wheel 
speed difference {(Vi - V2 + V3 - V4)/2} is ob- 
tained when four wheels are considered. The ob- 
tained difference is filtered as required. The filter- 
ing can be calculated, for example, as 

Df = Df + ((Vi - V2 + V3 - VO/2 - Df) * b (4) 

where b is an exponential filter exponent and is 
such that 0^bS^. If filtering is not applied, then b = 
1. 

It is to be noted that when all four wheels are 
always selected as the reference wheels, (Vi - V2 
+ V3 - V^) can be filtered directly. However, when 
it is necessary to change the reference wheels 
between the processing the excessive acceleration 
state and nornnal state, it would be more conve- 
nient for the subsequent processing to average the 
filtered value of front wheel speed difference and 
the filtered value of rear wheel speed difference. 

The representative curvature Rt is calculated in 
the representative curvature calculation device 
RTO by the following equation: 

Rt = DfA/s (5). 

The calculated representative curvature Rt is 
applied to the turning correction ratio calculation 
device TCRi in which the correction ratio Rci for 
each wheel is calculated by the use of a predefined 
function fi(Rt) in which the obtained Rt is inserted. 

Referring to Fig. 3. a graph of one example of 
function /i(Rt) is shown for a case in which all four 
wheels are selected as the reference wheels. From 
the graph in Fig. 3 it is understood that a simple 
linear equation can be used for the function fi(Rt) 



with good precision in both the positive and nega- 
tive ranges of the horizontal axis. The absolute 
value of the tangent of the linear equation for the 
outside wheels and that for the inside wheels differ 

5 slightly. 

However, unless very high precision is particu- 
larly required, the same absolute value of the tan- 
gent can be applied in both cases. 

In this case, the following equations can be 

70 applied as the most simplified forms of the approxi- 
mate equations for the predefined function fi(Rt). 



Rci 


= fi (Rt) = 


e * Rt + h 


(6) 


RC2 


= f2(Rt) = 


e * Rt - h 


(7) 


RC3 


= f3(Rt)^ 


-e * Rt + h 


(8) 


RC4 


= f4(Rt) = 


-e * Rt - h 


(9) 



20 

In order to increase precision, the absolute 
values of e could be changed for the outside and 
inside wheels. For this purpose, the following meth- 
od is preferable. 

25 In the turning correction ratio calculation device 

TCRi, function fi(Rt) is defined separately for each 
of the outside front, inside front, outside rear, and 
inside rear wheels with respect to the absolute 
value of the representative value of the cur.vature. 

30 Then, based on the sign of the representative value 
of the curvature, a proper function fi(Rt) is selected 
judging which wheel is outside and which is inside. 
In this case, an absolute value of the right-left 
wheel speed difference is used in the turning cor- 

35 rection amount calculation device TCAi. Fig. 4 
shows a variation of Fig. 3 obtained by the above 
method. Similarly, Figs. 5 and 6 show other vari- 
ations in which front two wheels and the rear two 
wheels, respectively, are selected as the reference 

40 wheels. 

It should be noted that, to obtain the correction 
ratio Rci, a table having representative curvature Rt 
and corresponding correction ratio Rci values can 
be used instead of using a numerical equation. 

45 Such a table should be stored in a suitable mem- 
ory. 

Then, in the turning correction amount calcula- 
tion device TCAi, the correction ratio Rci and the 
difference Df are used to calculate the correction 
50 amount Dvi based on the equation: 

Dvi = Rci ' Df (10). 

The obtained correction amount Dvi is applied to 
55 the corrected wheel speed calculation device 
CWVi. 

The corrected wheel speed calculation device 
CWVi then calculates the corrected wheel speed 



7 
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Vci by the following equation: 
Vci = Vai - Dvi (11). 

The corrected wheel speed Vci is then used in the 5 
control logic CTR in which the wheel behavior 
control, such as antilock brake control, is carried 
out. 

As described hereinabove, a wheel speed cor- 
rection device according to the present invention w 
carries out the correction of each wheel speed 
variations, resulting from changes in the tire diann- 
eter and vehicle turning, based on a separate logic 
operation preceding the wheel behavior control log- 
ic. It is therefore not necessary for these correction 75 
steps to be provided in the wheel behavior control 
logic, thus simplifying the wheel behavior control 
logic and facilitating the tuning of such wheel be- 
havior control logic. 

The invention being thus described, it will be 20 
obvious that the same may be varied in many 
ways. Such variations are not to be regarded as a 
departure from the spirit and scope of the inven- 
tion, and all such modifications as would be ob- 
vious to one skilled in the art are intended to be 25 
included within the scope of the following claims. 

Reference signs in the claims are intended for 
better understanding and shall not limit the scope. 

Claims 30 

1. A wheel speed correction device for use in a 
vehicle comprising: 

means (Avi) for measuring a wheel rotation 
angular speed of each wheel; 35 

means (REF, WRCi) for correcting a coeffi- 
cient representing a tire diameter for each 
wheel; 

means (WVi) for calculating a diameter- 
corrected wheel speed using the measured 40 
angular speed and the corrected coefficient; 

means (DIF, RTO, TCRi, TCAi) for obtain- 
ing a turning correction amount from a dif- 
ference between the diameter-corrected wheel 
speeds of left and right wheels; and 45 

means (C\/Wi) for correcting the diameter- 
corrected wheel speed using the turning cor- 
rection amount and for producing a turning- 
corrected wheel speed as a wheel speed to be 
used in the control logic of the wheel behavior 50 
control device. 

2. A wheel speed correction device according to 
Claim 1 , wherein said means (REF, WRCi) for 
correcting the coefficient comprises: 55 

means (REF) for selecting at least two 
reference wheels; 

means (REF) for calculating an average of 



the diameter-corrected wheel speeds of the 
selected reference wheels; 

means (WRCi) for calculating a correction 
amount for correcting said coefficient based on 
the difference between the reference speed 
and each diameter-corrected wheel speed; and 

means (WRCi) for correcting said coeffi- 
cient by the use of said correction amount. 

A wheel speed correction device according to 
Claim 2, wherein said means (REF, WRCi) for 
correcting the coefficients comprises a counter 
means for carrying out the correction of the 
coefficient every after a predetermined number 
of operation cycles. 

A wheel speed correction device according to 
Claim 2. wherein said means (WRCi) for 
changing the coefficient comprises means for 
selecting a greatest one of the absolute value 
of the correction amount, so that said 
diameter-corrected wheel speed calculating 
means (WVi) calculates the diameter-corrected 
wheel speed of the wheel that has the greatest 
absolute value of the correction amount. 

A wheel speed correction device according to 
Claim 1, wherein the means (REF, DIF, RTO, 
TCRi, TCAi) to obtain the turning correction 
amount employs an equation expressed as a 
product of a third linear combination (Lc) of 
wheel speed and a function of a ratio between 
a first linear combination (La) of wheel speed 
and a second linear combination (Lb) of wheel 
speed. 

A wheel speed correction device according to 
Claim 5, wherein said turning correction 
amount obtaining means (REF, DIF, RTO, 
TCRi, TCAi) comprises: 

means (REF) for selecting at least two 
reference wheels; 

means (REF) for obtaining said second 
linear combination as an average speed of said 
reference wheels; 

means (DIF) for obtaining said first and 
third linear combination as a right-left speed 
difference of said reference wheels; 

means (RTO) for obtaining said ratio be- 
tween said first and second linear combina- 
tions; 

means (TCRi) for obtaining the value of 
said function using said ratio as the argument 
of said function; and 

means (TCAi) for obtaining said turning 
correction amount as the product of said third 
linear combination and said value of said func- 
tion. 
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7. A wheel speed correction device according to 
Clainn 6, wherein said first linear combination 
obtaining nneans (DIF) comprises means for 
filtering the variable used in said first linear 
combination obtaining means (DIF). 5 

8. A wheel speed correction device according to 
Claim 2 or 5, wherein said selected reference 
wheels are all of the wheels. 

10 

9. A wheel speed correction device according to 
Claim 2 or 5, wherein said selected reference 
wheels are non-drive wheels. 

10. A wheel speed correction device according to 15 
Claim 2 or 5, wherein said selected reference 
wheels are non-drive wheels when the speed 

of the drive wheels is judged unreliable, and all 
wheels when the drive wheels have no exces- 
sive spinning. 20 
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Fig. 4 
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(57) A wheel speed correction device for use in a 
vehicle corrects the change of the circumferencial 
wheel speed caused by (i) in the long-ternn, change 
in the real tire dianneter; (ii) in the mid-term, differ- 
ences in the paths of the left and right wheels 
followed when the vehicle turns; and (iii) in the short- 
term, abnormal slipping between the tire and road 
surface. The wheel speed correction device has a 
device (AVi) for measuring a wheel rotation angular 
speed of each wheel, a device (REF, WRCi) for 
correcting a coefficient representing a tire diameter 
for producing a corrected coefficient for each wheel, 
a device (WVi) for calculating, from the measured 
angular speed, a diameter-corrected wheel speed 
using the corrected coefficients, a device (REF, DIF, 
RTO, TCRi, TCAi) for obtaining a turning correction 
amount from a difference between diameter-correct- 
ed wheel speeds of left and right wheels; and a 
device (CWVi) for correcting the diameter-corrected 
wheel speed using the turning correction amount. 
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